1. Introduction {#sec0005}
===============

The Peutz-Jeghers syndrome (PJS) is a rare hereditary, autosomal-dominant disorder. It is distinguished by a poliposis of the gastrointesinal tract (GIT) combined with typical mucocutaneous pigmentations. Patients present with multiple melanic spots of a size between 1 and 5 mm and various hues of brown or black.

They occur inter alia, around the mouth, in the buccal mucosa and on the fingertips and toes. Freckling develops in the first decade of life, the melanotic spots on the skin tend to fade gradually after puberty.[@bib0005] These spots were first described by Hutchinson in 1898 who illustrated twin sisters with the same characteristic oral pigmentations.[@bib0010] The association of skin lesions and polyposis was first shown in a case report by Peutz in 1921 while the first review of the literature and discussion of the syndrome\'s clinical significance was performed by Jeghers in 1949.[@bib0015; @bib0020]

The gastrointestinal polyps vary in size and are often pedunculated. They cause most of the complications such as obstruction of the small bowel, intussusception and bleeding. They are located throughout the GIT except the esophagus.

A Peutz-Jeghers (PJ) polyp is unique in its frond-or treelike appearance. Histology shows a hamartomatous composition, consisting of elongated, branching crypts lined by normal epithelial cells with a core of characteristic interlaced smooth muscle bands, causing a distorted architecture.[@bib0005; @bib0025; @bib0030; @bib0035] Pseudoinvasion may occur when epithelial elements are located in the gut layers adjoining the polyp.[@bib0025]

Genetic analysis revealed a germline mutation in the serine-threonine kinase STK11. The affected gene is located on chromosome 19p13.3.[@bib0040] Current theory suggests it is caused by a tumor-suppressor-gene, as loss of the gene leads to a disorder of cell polarity and cellular proliferation.[@bib0045] In the majority of patients with PJS family history is positive, but 10--20% have no other cases of PJS in their family.

Compared to standard population a highly increased lifetime-hazard for malignancies has been reported.[@bib0050] Most of the cancers concern the GIT, followed by tumors of the breast, ovaries, cervix, lungs, pancreas, uterus and testes.

To our knowledge only one case of carcinoid-tumor in PJ patients has been described in the literature so far. This 16 year old patient presented with a rectal carcinoid tumor as reported in by Wada et al.[@bib0055] No case of a coincidental PJS and a carcinoid tumor of the appendix has been mentioned to date.

2. Case report {#sec0010}
==============

A 21-year-old man was admitted to hospital with acute onset of abdominal cramps and nausea.

He was suffering from PJS, first diagnosed in 2003 when he had an occurrence of intussusception due to a 3 cm, pedunculated polyp of the small intestine. He underwent surgery with subsequent partial resection of the jejunum containing the polyp. The diagnosis was confirmed by histology showing hamartomatous polyps. Since then he suffered from recurring polyps throughout the GIT, which were regularly removed by endoscopy. He also had a mild iron-deficiency anemia due to recurrent bleeding from the polyps. There was no history of skin alterations, polyposis or GI diseases in his family.

Noticeable on physical examination were perioral lentigines and hyperpigmentations on feet and fingertips. The abdomen showed tenderness with maximum pain on pressure in the upper and middle abdomen. Ultrasonography suspected an ileus due to intussusception and showed several polyps up to 3 cm. The subsequent CT scan reinforced the tentative diagnosis, demonstrating an intussusception of the small intestine in the right lower quadrant ([Fig. 1](#fig0005){ref-type="fig"}).

An emergency laparotomy was performed and intraoperative findings confirmed the suspected diagnosis ([Fig. 2](#fig0010){ref-type="fig"}). Therefore desvagination of the jejunum was accomplished. Therefore the invaginated jejunal segment was pulled out of the distal segment, accomplishing an open desvagination. No intestine had to be resected this time as it was viable and perfusion was unimpaired. The cause of the invagination was, as suspected, a large pedunculated polyp. Over several longitudinal sections about 35 polyps of different sizes were resected from the small intestine. As the appendix appeared thickened a simultaneous appendectomy was performed.

Histologic findings were hamartomatous polyps with a diameter up to 5.1 cm. They possessed the typical PJ-appearance accompanied by a chronic inflammatory response with the beginning hemorrhagic infarction.

The appendix showed, besides a small hamartomatous polyp ([Fig. 3](#fig0015){ref-type="fig"}a), the incidental finding of a 1 cm long carcinoid tumor ([Fig. 3](#fig0015){ref-type="fig"}b). The tumor infiltrated the smooth muscle layers, reaching the serosa without serosal penetration. The carcinoid cells were immunohistochemically positive for chromogranin and synaptophysin. An invasion of blood-vessels was excluded by additional CD34 stainings. With the MIB1-antibody a proliferation index well below 1‰ was demonstrated. According to the TNM staging system this tumor was classified as a well differentiated neuroendocrine tumor (appendix carcinoid): pT1a, L0, V0, Nx, M0, R0, tumorgrading GI ([Fig. 4](#fig0020){ref-type="fig"}).

After a week\'s uneventful hospital stay the patient was discharged from hospital in a good general condition. As the appendix carcinoid was an early stage tumor, no further treatment is required. However, the patient will need regular endoscopy and tumor-aftercare in the outpatient clinic.

3. Discussion {#sec0015}
=============

PJS is a known to be precancerosis. Life-time-hazard for cancer amounts up to 93%.[@bib0050] Mainly these tumors affect the GIT, but there are also less commonly carcinomas of extraintestinal tissues.[@bib0060] Tumors other than cancers have been described, like lymphomas and sex-cord-tumors.[@bib0065; @bib0070]

Our patient was found to have a carcinoid of the appendix as an incidental finding on laparotomy. To our knowledge there is only one case report showing a carcinoid tumor of the rectum in a PJ patient and none showing appendiceal or other carcinoids.[@bib0055] As there have been numerous case reports since the 1920s a predisposition for carcinoid tumors stays questionable.

Although the genetic disorder underlying the syndrome is known, the mechanism of carcinogenesis in PJS still remains debatable.[@bib0040; @bib0065; @bib0070]

Some authors have suggested a hamartoma-adenoma-carcinoma sequence for the GI cancers.[@bib0075; @bib0080; @bib0085; @bib0090; @bib0095] Other authors stated that PJ-polyps are non-neoplastic and therefore have no potential for malignancy.[@bib0100] It has been proposed that the polyp\'s origin is a mucosal prolapse due to stromal proliferation without tumorigenesis. Moreover, although adenomatous and even malignant foci have been found in the polyps these are rare events.[@bib0065; @bib0070]

In addition, the coexistant pigmentations have no malignant potential whatsoever, and non-GI tumors in PJS do not develop in association with hamartomas.[@bib0085]

One line of argument considers a side by side occurrence of malignant tumors, hamartomas and hyperpigmentations all caused by the known germline mutation in the STK11 gene, that is ubiquitously expressed. A probable explanation was given by Buck et al.[@bib0025] Considering the great number of polyps in the GIT the rate of malignancies arising in the polyps is low. Therefore, as adenocarcinomas can occur in any glandular epithelium, this may eventually occur in the epithelium covering the polyps.

What also remains unclear is the exact role of STK11 in the carcinogenesis-pathway and in the pathogenesis of polyps.[@bib0065; @bib0070] In general it functions as a tumor suppressor gene responsible for cell-polarity, but so far it is unknown what particular steps are regulated by STK11. A role as a gatekeeper at the earliest step of the tumors' pathogenesis has been discussed.[@bib0085]

Another noticeable aspect of this genetic disorder is the age of onset. As known from hereditary precanceroses the average age is lower than in the normal population and is becoming lower with every passing generation. This might be fueled by the loss of STK11 as a tumor suppressor gene with an accelerated carcinogenesis in these individuals.

4. Conclusion {#sec0020}
=============

Recent publications demonstrated that life-expectancy in PJ patients is reduced.[@bib0065; @bib0070] Causes are the development of malignancies and complications from the polyps such as intussusception. Since to date there is no treatment the main focus must be aimed at frequent checkups for early recognition of malignancies in these young patients and the prevention of complications. Surveillance is difficult, due to the varieties of possible tumor localisations,[@bib0065; @bib0070] but surveillance-protocols may help as suggested by several authors.[@bib0005; @bib0030]

Regular endoscopic and on occasion operative procedures are needed for early detection of GI cancers and prevention of polyp-associated complications.
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![CT scan of the abdomen showing an ileus due to intussusception in the right lower quadrant (large arrow) and several large polyps in the intestine (small arrows). (a) Coronal slice. (b) Axial slice.](gr1){#fig0005}

![Intraoperative findings. (a) Intussusception of the ileum (large arrow). (b) Pedunculated polyps in the small intestinum. (c) Resected polyps of different sizes.](gr2){#fig0010}

![Histology (hematoxylin-eosin staining; bar = 200 μm). (a) Section of one of the resected hamartomatous polyps with typical stromal and epithelial branching. The epithelial cells are highly differentiated with no intraepithelial neoplasia. (b) Transverse section of the appendix shows a hamartomatous polyp of the appendix mucosa (arrows) and the co-existing neuroendocrine tumor with deep infiltration of submucosal layer (dashed line).](gr3){#fig0015}

![Hyperpigmentations, located perioral, perinasal and on the fingertips of our patient (selection).](gr4){#fig0020}
